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Abstract
Hyperhomocysteinaemia and Helico-
bacter pylori infection have recently
been implicated in the pathogenesis of
coronary artery disease. These two risk
factors, though they seem unrelated,
could be linked by a deficiency ofvitamins
and folate caused by chronic gastritis in H
pylori infection. This nutritional defect
could lead to failure of methylation by 5-
methyl-tetrahydrofolic acid and thus
exacerbate the accumulation of homo-
cysteine in susceptible patients. Homo-
cysteine is toxic to endothelial cells and
results in coronary artery disease.

(Heart 1996;76:305-307)
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Figure 1 Metabolism of homocysteine.
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Coronary artery disease causes high morbidity
and mortality in almost every ethnic group.
Conventional risk factors such as hyperlipi-
daemia, hypertension, and cigarette smoking
do not account for all cases of coronary artery
disease. Recently, many investigators have
demonstrated that homocysteine concentra-
tions are raised in adult patients with athero-
sclerosis and coronary, cerebral, and
peripheral vascular diseases.'-3 In addition H
pylori, a bacterium causing chronic gastritis
and peptic ulcers, has recently been associated
with coronary heart disease.4 Yet the mecha-
nism by which Hpylori infection leads to ather-
osclerosis is poorly understood. We propose a
link between these two newly implicated risk
factors in the development of coronary heart
disease.

Hyperhomocysteinaemia and coronary
heart disease
Homocysteine is a thiol-containing amino acid
produced by demethylation of methionine.
Half of the homocysteine formed goes through
the trans-sulphuration pathway and the other
half takes a methyl group from betaine
(betaine methyl-transferase) or 5-methyl-
tetrahydrofolic acid (methionine synthetase)
(fig 1). Methionine synthetase is a cobalamin-
dependent enzyme which is functionally
impaired when vitamin B-12 metabolism is
abnormal. Homocysteinuria, an autosomal
recessive condition, is usually caused by a defi-
ciency of the enzyme cystathionine ,B-syn-
thetase. This enzyme is required for the
conversion of homocysteine to cystathionine.
These patients have excessively high circulat-
ing concentrations of homocysteine resulting
in a high risk of premature arteriosclerosis and
venous thrombosis.5 The mechanisms for the
association of hyperhomocysteinaemia with
atherosclerosis are still unclear. Animal studies
have shown that homocysteine infusion causes
epithelial damage.6 Homocysteine is directly
toxic to endothelial cells. It also inhibits the
secretion of nitric oxide from endothelial cells
and this action facilitates platelet aggregation
and vasoconstriction.7 Homocysteine may
alter the balance between procoagulants and
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anticoagulants by selectively inhibiting the
processing and secretion of thrombomodulin,
reducing the activation of protein C, and
inducing a protease activator of coagulation
factor V.8

There have been reports of hyperhomocys-
teinaemia in adults (both white and Chinese
patients) with premature coronary artery dis-
ease who lacked the other characteristics of
homozygous homocystinuria.)-3 This was
attributed to a heterozygous defect in cys-
tathionine synthetase production. The raised
serum homocysteine concentration showed no
correlation with increased plasma concentra-
tions of cholesterol, low density lipoprotein, or
trigylceride; cigarette smoking; and hyperten-
sion.910 The odds ratios of hyperhomocys-
teinaemia for the development of coronary
artery disease was 23-9. This is much higher
than the risk of hypercholesterolaemia, hyper-
tension, and cigarette smoking for myocardial
ischaemia.' However, a very strong correlation
was shown between poor vitamin intake or
vitamin concentrations in plasma (especially
vitamins B-6 and B-12 and folate) and hyper-
homocysteinaemia.23" As cobalamin is an
essential cofactor for methionine synthetase
and because in folate deficiency there is a lack
of 5-methyl-tetrahydrofolic acid, deficiency of
these vitamins results in further accumulation
of homocysteine. Indeed, very high homocys-
teine concentrations have been reported in
patients with vitamin deficiency, especially
when multiple vitamin deficiencies were
present." 12 Furthermore, vitamin supplemen-
tation can normalise homocysteine concentra-
tions."3

Helicobacterpylori infection and
coronary artery disease
H pylori was first identified in patients with
chronic gastritis as a Gram negative curved
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Figure 2 Hpylori infection, hyperhomocysteinaemia, and coronary artery disease.

bacillus.'4 After a decade of intensive research,
the causal relation of this bacterium with peptic
ulcer disease is widely accepted."' Recently,
studies have suggested that chronic infection
with Hpylori may be associated with the risk of
coronary artery disease.416 In a case-controlled
study, it was found that seropositivity for H
pylori infection conferred a twofold risk of
coronary heart disease.4 Like hyperhomocys-
teinaemia, the association ofH pyloni infection
with coronary artery disease is independent of
other conventional risk factors such as smok-
ing, hypertension, and hyperlipidaemia.17 A
reverse causality-that is, that acute myocar-
dial infarction causes a false positive serologi-
cal test-is unlikely. H pylori infection is
acquired largely in childhood and there is no
difference in antibody titre between patients
with or without a history of previous myocar-
dial infarction.'7 However, the possible mecha-
nism of a chronic infection by Hpylori leading
to atherosclerosis is not known. One hypothesis
is that chronic infection accompanied by per-
sistent inflammation increases the concentra-
tion of acute phase reactants, such as
fibrinogen and sialic acid, which are predictors
of coronary artery disease.'8-20 In a study by
Patel et al fibrinogen concentration and total
leucocyte count were higher in patients with
cardiovascular disease and infected by H
pylon."7 However, the increase in fibrinogen
concentrations was not confirmed in another
study.2' H pylori infection may have other
peripheral effects outside the stomach that
predispose to the development of heart dis-
ease.

Hpylon infection and nutritional
deficiency
H pylori infection can cause more than gastro-
duodenal diseases. It has been shown that H
pyloni infection reduces stature in children,
probably because of a nutritional effect of gas-
tric inflammation on absorption.22 In the
elderly, H pylori infection was associated with
hypoalbuminaemia that was not explained by
diet.24 Because vitamin B-12 absorption
depends on the secretion of intrinsic factors by
the parietal cells, gastric dysfunction com-
monly causes a malabsorptive state. Patients
infected by Hpylo?i causing gastritis have been
shown to suffer from malabsorption of cobal-
amin.2' Thus H pylori infection can cause a
nutritional deficiency, especially ofvitamin B-6,
vitamin B-12, and folate, and this will predis-
pose to accumulation of homocysteine in het-
erozygotic patients. Furthermore, because H
pylori infection is frequently acquired in child-
hood and persists for long periods, a mild
degree of nutritional deficiency may be present
for many years and lead to the development of
atherosclerosis.

Hypothesis (fig 2)
We propose that chronic H pylori infection
leads to malabsorption of vitamin B-6, vitamin
B-12, and folate; failure of methylation; and
hyperhomocysteinaemia. Homocysteine could
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be responsible for the arterial damage associ-
ated with H pylon infection. This hypothesis,
therefore, links two hitherto disparate and
unexplained causes of coronary artery and
peripheral vascular disease. This hypothesis
should be readily amenable to testing by fur-
ther studies.
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